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(57) Abstract 

An apparatus (12) 
. is attached to a tire 
(10) encapsulated withm 
1 elastomeric material (16) 
located witiiin the toroidal 
legion of pneumatic lire (10). 
The apparatus is preferably 
1 embedded in the tire at its 
1 equatorial plane (EP). An 
integrated circuit chip of 
the transponder has at least 
1 the capacity to handle and 
transmit data relating to tire 
I pressure. 
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1 

PRESSURE SENSOR K)R A TIRE AND METOOD THEREPOR 
TedmicalBldd 

TWs invention relates to an apparatus for electtonicaUy tna««mttu.g me piessum data at 
^frequency. Tl.e apparatus inch^dcs a xadio-ftcquency transpon^ 
drcuit c*ip having capadty at least sufficiem to 

Dxessuie sensor. - ^* 

AS iUustrated by the references described below . it is known in the art to transmit, at nuho 

ftequeodes. data from a tran=5K,nder contained within the s.™^ 
assembly. 

In the prior art . most of the difficulties encountered in incorporating sensors into a toe are 
caused by the stresses encountered in the tire building process and the sometimes rigorous 
coalitions to which a tire is subjected. Sensors and transponder systems can be destroyed by heat 
15 andpressu.einthetirebuildingprocess.andcanbedestroyedbyr^^^ 

in use in a tiie. 

Accordingly . a sensor wMch is to be embedded in a tire to record and transmit tue data 
n^ust be robust enough to survive tire stresses, Ught enoughs, as not to affeaihebal^ 
^ andsizedorplacedsoasnotto interfere withtheintegrityofthetire. Also, the cost of the 

3p««.tus Should not be more than a small percentage of the total cost of the toe. 

some prior art pressure ^r. that may be used in a tire are exposed directty to the 

chamber of the tire. Dirt and debris from ti>e tire may contaminate the device and a^ 
theaccuracyofthe reading ormakeitnon-fimctional. Also, when a ^ is embedded in a dre 
constnoction in the tire building process and it stops functioning, it usually cannot be replaced m 
25 the cured tire wifliout destroying the integrity of the tire. 

In an effort to attach a pressure sensor in a tire in a way tiuit it would be protecoi. the 

inventors herein secured a pressure sensor inside a rubber patch or pouch in the inflation chamber 
ofatire Although the pressure sensor was protected and gave some accurate readmgs. the 
^nse time was very slow, and when pressure in a tire was changed to test accuracy of the 
30 pressuresensor.ti.timenecessaryforthepressuresensortoreachequm^ 
the inflation chamber of the tire was sometimes many days. 

Badtground Art . _ 

Trie safely indicator means have been provided in the prior art to indicate when the tread of 

atiieiswomtothepointwheiethetieadorthetiremustberq.laced. Seefor«campleDeCioco 

35 in U.S. Patent 3.770.040. . ^ „ ^ 

AS the art has advanced, systems for monitoring vehicle tire pressure and the Bte have 
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,«^posMonedoulddethetiieMld8<aMedlottovdade. 

coupling from an interrogator. „ „,^«„ 

FK>rt=«.,inU.S.Patcn.5.mie0.t=»to.wiri«,top.e^ 

iaoroealrfbyanEFsigDalftOTatnmsillilwonlte^d^ 

^.K:^ AppBcaaons WO90,124743nd90«.im »i»«-«tttl«*c«»^ 

onbedcW wiU«n o, on vdWe a«. WW. wte kx^ ^"^^ 

identifying digital infonnation, and can also be used to inciuoe im 
OTviionmentof thetire, 

per ;*lJicato WC»2«0539 pnMdes «! abnornud tte 



wo 99/29524 



PCT/US97/22570 



3 



comprisesahousu«.aband for mounting tte housing cm the tiie 

eondition within the ti«. dn«itry<^vdycon^ 

i„dicath.eofthetirecondition.apowersupp^^ 
swit(* and a iweiver for receiving the radio signals. 

D„m»etal.. in U.S. Patent 4,911.217 describes a radio-ftequency tire id^ system 

having an integrated circuit chip transponder. 

PoUadc et al.. in U.S. Patent 5.181.975. teach a tire having an integrated cncmt 
tn^^ter which comprisesacoil antenna of smanendosed area, as compa^ 
e„dosedbythebeadofthetire.whichactsasaprinu«ywindingofatransfon^^ Ihecod^ 
pkmar in sh^. and when positioned between the imier liner and the c^ 

indude a pressure sensor. 

Blown et al.. in U.S. Patent 5.218,861. teach a pneumatic tire having an integrated cocuit 

,,,.„^wWch has an antenna w^ 

Koch etal., in U.S. Patent 5.500.065 teaches locating a monitoring device radianym^ 
of the inner finer inapneumaiic tire, somewhere in the ciown portion of the to^ 

The fonowhig definitions are provided to facilitate the readhig of the spedfication and the 

f„„]a^tanding of the invention. 

-Transnutter" refers to a radio frequency emitter. 

-KecdvCT" refers to a radio fiequency recqrtor. 

Trtenogator" refers to a tiansmitter-iecdver decoder combination. 

T-nmJ5X«der- refers to a recdver of KF energy 

to an interrogator (scanner). 

-Equatorial plane (EP) • reto to the plane intersected at the tire <»nteriin^ 

-Radiany" refera to a radius fine fton a tire axis to a tire drcumfi^ 
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Brief Description of Dravinss 

Kg. 1 mustntes a cioss section of a (ladial medium 

of the invention embedded in the crown of the liie. 

Fig. 2 illustrates an enlaiged view of a portion of the tire of Fig. 1 
Fig. 3 ilhistiaies an airaiatus of the invention in a tire as viewed 1^ 

xim. 

Lidustrial AppKcabifity 

An s^pantus for electronically tiansmitdng pneumatic tire or wheel pressure data 
comprises a transponder associated with a pressure sensor. Extemally-induced radio-frequency 
excitation causes the data to be secpientiany output fiom the sq?^ 

conesponding to the pressure in the inflation diamb» of a tire. 

Tte pneumatic tire comprises an outer suifece including a ground contacting suifett 

i,„^urflation chamber, andapressure sensor encapsulated by encapsulating means associated with 

a nidiany inner suifece of die inflation chamber, and a widdng means assoda^ 

sensor whereby ti« wicKng means provides a path for pressure equiKbrium between ^ 

sensor and the inflation diamber. ite widdng means is selected from die gioup consisting of gas 

absoitring textile cords. hoUow filaments, and woven textile conis or fil^ The enc^>sulating 

means comprises a patch of mbber suiTounding the pressure sensor, die patc^ 

attached to a radially inward surfece of die inflation chamber. 

More qiecifically. die pneumatic tire comprises at least two parallel annular beads, at least 
one careass ply wn^red around die beads, tread disposed over Ae at least one careas^ 

crown area of die tire, sidewalls diqjosed between die tread and die beads, and an inflation 

chamber radially inward of die tread and axiaUy between die sidewalls, an^ 

sensing system associated widi die inflation chamber. Tte sensing system comprises an ^^aratus 

for transmitting tire pressure date comprising a tranjqponder. widi a chq> having 

saffideat to handle pressure sensor data, for responding to predetennined s^ 

le^Kinsive signal for transmitting pressure data fhmi die tire, and a press^ 

the transponder, an enc^«ulating means for encapsulating die pressure sensor, and a widdng 
means for providing piessure equihTjrium between die encapsulated pres^ 

inflation diamber. 

In an iUustrated embodiment, die pneumatic tire has an inner liner whidi is disposed 
ladiaUy inward of die carcass ply and die pressure sensor is next to die inner li^ 
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encapsulating means is attached to the iBnerlh^^ In the fflustrated embocfimeiit the piessuie 
sensor is further coated or sunounded by insMilaling luto 

The wicking meam niay be sdected fern the group consisting 

cords, hollow filaments, and woven textile ooids or filaments. 

>Uso provided is a method of attaching a pressure sensor to an inflation ch^ 

pneumatic tire comprising the steps of . (a) placing a pressure sensor in a tiie 
flexing, substantiany flat location corresponding to a surfece of an inflation di^^ 

(b) placing a widdng means over the pressure sensor, (c) attadnng a rubber patdi material to the 
surface of an inflation diamber over the ipressure sensor and the widdng me^ 
widdng means has at least one end outside the (fimensions of the wbber patch. 

In an illustrated embodiment, the method further comprises the stq>s of (a) building ^ 
with an imier finer comprising a radiany inward suifiu» of the inflation chamber, (b) p^ 

pressure sensor next to die imier liner, (c) pladng the widdng m«ms over the pressure sensor, and 
(d) adhesivdy attadung a mbberpatdi to the imier liner covering the pressure s^^ 

covMing the widdng means. 

As is the case with similar prior art devices, the transponder is designed to recdve a signal 

from a tnmsmitting device for dectronicaUy activating the dectronic drcuit of the d^ 

tnmsmitting data from Uw dectronic circuit to a receiving device. 

ft is an object of the invention to provide a pressure sensOT wWdi can be built into a tire, or 

can be attadied to a completed tire in a manner tiiat protects die sensor from ddjris in ^ 
gives quidc and accurate readings, and is sman enough tiiat it does not have a noticeable affe^ 
die operation of ttie tire. Otiierobjectsof the invention win be s^iparent from die following 
()escn(>tuin ai^ daims. 

Description of tiie Invention 

With reference now to Fig. 1, a tire 10 is iUustrated which incorporates 

whidi can be used to provide tire data such as tije inflation pressure wifliintiie tire. Asis 
conventional in tiK art, tiie tire is nuide using at least one pair of annular beads 22 o^ 
wrapped at least one carcass ply 28. Bdts 32 are disposed over carcass ply 28 in a crown area of 
die tire, and tread 30 is disposed over bdts 32. Sidewalls 24 are dis?)osed between tread 30 and 
beads22. In ti» illustrated embodiment, tiie tire also has an inner liner 14 whldi is diq^ 
radially bdow carcass ply 28. Inflation diamber 15 contains tiie fluids used to inflate the tire when 
the tiie is mounted on a rim. 
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TT» tire mustiated is an Rm" (nidM medium track) 
recognize that the invention may teve utility in lassenger t^^ 

pressure within the tire is needed. 

A tire. dejKaiding on the land, may have up to 4 paiis of beads, up to 

uptol2bdts. 

Apparatus 12 is a tianjponder with a chip 12a having at least 
tnmsmit pressure data, and a pressure sensor 12b associated with said transponde^^ 

y^^aralus 12 is located in the tire in a position where Hexing is nunimal 
substantiany flat surface can be used to assure attachment of the aR 
15. TteiowersddewaUnearthebeadandthecenteroftheciownareaofthetireareexamp 

possible locations for attachment of ^qjpaiatus 12 to the tire 10. 

In the iUustrated embodiment, ;5?>aratus 12 is diq)Osed unde^ 
the equatorial plams (EFO of the tire, and radially bdow carcass ply 28 and im»r li^ 

12 comprises one or more integrated circuit diips 12a, an ante^ 
components needed for making pressure data on tiie tire readable. 

TlK, tiam^wnder component of the apparatus 12 is similar to tiiose iU^^ 
Patents 5.181.975 and 5.218,861. assigned to THe Goodyear Hre and Rubber Company, and 
commonly assigned Attorney's Docket Nos. DN1997.192. 1996082 and 1997-195, which may be 
used to monitor tire pressure. The pressure sensor component used in the illustrated embodiment is 
a Case Western Reserve University device described in U.S. Patent 5.528,452 to Ko. 

Witii reference now to Figs. 1 . 2 and 3. in tiie illustrated embodiment tfie apparatus 12 may 
stand atone in tiie tire 10 to provide pressure data only. Those skilled in the art will recognize diat 
the pressure sensor used in die invention can be used witii oflier sensing devices and may be 
associated witii annular antennae to provide a 3600 read aromKi die tire as ilhistrate^ 
discussed above or in U.S. application -~ to The Goodyear Tire & Rubber Company. Aito^ 

DodcetNo. DN1996082. 

When qjparatus 12 is incoiponiied into a tire, it is placed on die surfeoe of i^ 

chamber 15, said surface being imier liiier 14. if die tire contains an inner 1^^ 

innersurfeoeofcarcassply28,ifnoinnerlinerisused.wittiorwitt^ Inthe 

inustiated embodiment, q)paratus 12 is surrounded by insulating rubber (not s^ 

dectromcs dumjin ftom stray dectrical charges and ftom potential 

to injipect die casings in retread operations. Insulating niWjers disclosed in the Goodyear 
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appHcaiion lefeired to above are suitable for this puipose. 

Itobber patch 16 is the primaiy means by which apparatus 12 is ^ 

Because it is picfeired that apparatus 12 be isokted ftom inflati^ 

and foreign matter do not foul the pressure sensor, an of the surf^ 

placed in contact with the surface of the inflation chamber 15 is securely attached thereto. it is 
prrfened that ^tus 12 be completely encased in rubber patch 16. The attachment of patch 16 
to inflation chamber 15 can be made adhesivdy and/or by vukanization when the 
buik. or may be mcorporated into a convicted tire adhesively, for example when a tire is bemg 

submitted for retiBadii^. 

PattA 16 is an elastomeiic material, preferably natural rubber. In the iUustiat«^ 

embodhnent. apparatus 12 is not attached to or vulcanized into the ti^^ 

surrouncfing rdationsh?) of patdi 16. 

To reduce the response time of apparatus 12. and provide quick equilibrium between the 
pressure sensor and hiflalion chamber 15. apath m«^ 

and inflation chamber 15 which permits gas molecuto to migrate to and fiom the p^^^ 

and inflation chamber 15. Although technicany. path means 18 may be provided as ^ 

dastomeric patch 16. in reality . a pn hote has a tendency to be plugged by adh^ 

nibber durir^ vulcanization, and grime, and some means must be provided to assure that the path 

lemainsqpeo. Accordingly, in the illustrated embodiment, path means 18 is provided as strmg or 

coni prrferaWyintheformofableedercord, astr^of febric woven with bleedercords.ora 

holl^filament. SucAbleedercordsaredescribedby Rpeetal in U.S. 1^4.363.346. and ^ 

Sid-Ahmed in U.S. Patent 5.221,382 and references dted therein. 

Path means 18 may be longer than patch 16. or may be placed so that one end thereof 

extends beyond an edge of patch 16 or is «q)osed above the surto of patch 

path means 18 is placed over appanrtus 12. and patdi 16 is then placed over path means 
18 taking care that at least one end ofpaA means 18 remains outside the dimensions or 4^ 
of'patchie. In the ilhistrated embodiment, both ends ofpath means 18 extend outsk^ 
of natch 16. 

In tire tests, it has been shown that path means 18. when bleeder cords or filam^ 
used, provides a path that makes the pressure sensor quicMy responsive to p^ 
tire ' Since bleeder cords permit flow of simple molecules, but prevem the flow of macro 

molecules such as grime, adhesive, and rubber, the pressure sensor is tapt free of debris and 
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grime. 

When imier liner 14 is used in a tire, !55Jaiatus 12 is 

means 1 8 is placed over apparatus 12, and patch 16 is placed over path means 1 8 and apparatus 12 

and is adadied to inntf lintf 14. 

While the invention has been spedficaUy iUustrated and described, those 

will recognize that the invention may be variously modified and practiced without dqaiting from 
the siririt of the invention. Hie invention is limited only by the scope of the following claims. 
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CLAIMS 

1 A pneumatic tiie comprising an outer surface including a ground contacting surfece and an 
inner inflation chamber, and a pressure sensor encapsulated by encapsulating means associated with 
a radiaUy imi^ surfiK^ of said inflation chamber, and a widdng means as«^ 
pressure sensor whereby said widdng means provides a path for pressure equiHhrium between said 
pressure sensor and said inflation diamber. 

2 Ttepneumatictireofdaimlwherdnsaidwiddngmeansisselectedftomthegro^ 
consisting of gas absorbing textile cords, hollow filaments, and woven textile cords or filaments. 

3 The pneumatic tire of daim 1 wherein said encapsulating means comprises a patch of 
™bber surrounding «ud pressure sen«^. said patch of mbber beings 

surfsice of said inflation diamber. 

4 A pneumatic tire comprising at least two paralld amiular beads, carcass plies wrapped 
a„,und said beads, tread disposed over said careass plies in a c«^ 
disposed between said tread and said beads, and an inflation dumiber radi^^ 
and axiany between said sidewalls. and an enc^ted sensing system ass^ 
irflation diamber. said sensing system comprising an apparatus for transmitting tire pressure < 
compri^ng 

a tnmsponder for responding to predetemuned signals whidi tngger a respona 

agnal for transmitting pressure data, 
a pressure sraisor, 

a di5> assodaied witii said transponder having capadty at least suf^^ 
input from a pressure sensor and to transmit pressure data fiom said tire, 
an encapsulating means for encapsulating said pressure sensor, and 
a widdng means for providing pressure equihl>rium between said enca^ 

pressure sensor and said inflafirai diamber. 

5 Tie pneumatic tire of daim 4 wheidn an imw liner is disposed nuiiidly inward of 

ply and sdd pressure sensor is proximal to said inner liner and saM 
attached to said inner liner. 

6 Ttepneumatictireofdaim4whereinsaidwiddngmeansissdertedftomtiiegroap 
consisting of gas absorte* textile coids. hollow fita^ 
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7 . A method of attacAing a piessuie sensor to an inflation chamber of a pneumatic tue 

conqmang the stqps of 

(a) placing a piessuie sensor in a tire construction in a low flexing, substantially fiat 
location corresponding to a suifeoe of an inflation chamber in a tiie, 
5 (b) placing a wicking means over said pressure sensor, 

(c) atlachingarubberpatcAofiubbermaterialtosaidsurfaceofaninflationch^ 
over said pressure sensor and said widdng means wherein said wick^^ 

outride the dimraisions of said lubbwpatdi. 

8 n^meflKXlofdaimTflirthercompriangthestepsof 

10 (a) building said tire with an inner liner comprising a radially inward surface of said 

inflation chamber, 

(b) pladng said pressure saisorraisaMinneff finer, 

(c) pladng said widdng means over said pressure sensor, and 

(d) adhesivdy attaching a rubber patch to said im«;r liner covering said pressure sensor 

15 and partially covering said widdng means. 

9 Tte method of claim? comprising the fortfier step of sdecting said wic^^ 

Ae gro.?. consisting of cotton bleeder coids. polyest« bleeder cords, hoB^ 
mixtuies thsneof . 
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